Various methods are being proposed to reduce the usage of lighting energy in buildings. However, those methods are not being applied practically due to issues such as external environmental factors. Therefore, this study analyzed the existing lighting energy conservation systems to propose a system that applies biomimicry as a method to supplement vulnerabilities. As a method of analysis, the concept and cases of light shelf systems. second, study on the concept of biomimicry and life forms evolved by adapting to the external environment. third a triple light shelf system with applied biomimicry is proposed and the architectural application method is analyzed and studied. As a result a triple light shelf system applying biomimicry is proposed. In conclustion the existing light shelf system cannot respond to the external environment. Meanwhile, the triple light shelf system with applied biomimicry which imitates life forms that adapt and evolve according to the external environment can respond immediately to the outside environment of the building, and it is expected to establish a pleasant environment for people indoors as well as to bring lighting energy reduction effects in the building 1) (Master Course Student) 02702
Introduction

Background and Purpose of Study
According to data announced by the IEA (International Energy Agency) in 2017, in the case of residential buildings, lighting energy used in buildings accounts for 5-15% of all energy consumption, while for commercial buildings, lighting energy accounts for as much as 30% of total energy consumption. Furthermore, for some types of businesses such as retail buildings, lighting energy can account for up to 80% of all energy and it was also reported that the use of lighting energy will continuously increase in buildings [1] . Due to this, there has been a growing need for research and technological development to reduce lighting energy usage and thus, many different plans have been suggested to conserve lighting energy. For example, there are many derivative studies being carried out on light shelf systems using natural lighting, light shelf systems that attach prism sheets, light duct systems, etc. However, there are limitations in that they cannot be applied practically due to various issues, including environmental factors. Accordingly, this study aims at analyzing the configuration, structure and functions of existing light shelf systems to conserve lighting energy. As a method to address its weaknesses, this study proposes a system that applies biomimicry configuration and structure.
Scope and Method of Study
This study proposes a new light shelf system applying biomimicry as a method to conserve the energy of buildings and it is conducted in accordance with the following three stages. First, prior to proposing a light shelf system that applies biomimicry, the light shelf-applied system was investigated through the light shelf system concept and application cases in the study stage of light shelf and biomimicry. Second, biomimicry was studied in order to apply biomimicry in the light shelf system and also, in order to address the weaknesses of light shelf systems, studies were conducted on evolved life forms by applying external environmental factors. Third, a biomimicry-applied triple-light shelf system that take into account the evolution of life forms that respond to the life shelf system and external environment was proposed, while conducting analysis and studies on the architectural application method. Table 1 ]. There are also preceding studies related to performance evaluations according to simple variables such as angle, installation height, reflection material and width, but they have the limitations that they focus only on performance evaluation simply through computer simulations. Furthermore, there are few studies on cases of responding to changes in the external environment and changes in the indoor depth. Based on this, the need for a new light shelf system that can consider different variables according to environmental factors such as exterior environmental conditions and indoor space size, etc. was confirmed.
Study on Biomimicry and Light Shelf System
[ The concept of biomimicry was first introduced in the 1990s by the American natural scientist Janine Benyus. In her book, 'Biomimicry,' she mentions sustainable solutions by mimicking natural designs and processes and the term biomimicry was coined by combining 'bios,' which means life, and 'mimesis,' which means to mimic or copy something [8] . In other words, biomimicry mimics the characteristics of various life forms such as the biological structure, principles, behavior, systems and mechanisms, and it aims at solving the challenges of humanity using better methods through the research and mimicking of biological characteristics.
Life Forms that Adapted to External Environmental Factors
Cases of life forms that adapted to the external environment are listed in [ Table 2 ]. Life has repeatedly adapted and evolved to fit the ecological environment for billions of years to exist to this day. Just as life has evolved through natural, eco-friendly methods according to changes in the external environment, it is necessary to introduce new systems that adapt to changes in external environmental factors to prevent waste of energy in the architectural sector as well.
[ Based on the contents of Table. 3, the biofunctions of life forms that have adapted to the external environment were analyzed and architectural application plans were sought after according to such configuration. Angle factors and multiple-light shelf system variables were added according to the light environment, and variables that allow length changes in accordance with air resistance were applied to propose a triple-light shelf system that applied biomimicry as shown in Fig. 2 . Through this, it was possible to address the difficulties in applying the existing light shelf system according to changes in the external environment. Moreover, it became possible to install both inside and outside the building and it could have a covering effect for the building based on the fact that the width could be adjusted.
Therefore, it is expected that the triple-light shelf system that applies biomimicry can become established as a new light shelf system.
[ Chapter 2 investigated the cases and weaknesses of existing light shelf systems, while examining life forms that responded to the external environment for adaptation and evolution. Based on this, a new light shelf system is proposed which can react to external environmental elements. There are numerous preceding studies on existing single-layer light shelf systems that changed various elements such as length, width, and angle. However, they are unable to supplement vulnerabilities of single layer light shelf systems or respond to changes in external environments. In order to make improvements to such vulnerabilities, a two-layer light shelf system was proposed, but there is still not enough existing cases and preceding studies. Furthermore, the two-layer light shelf system cannot respond to the external environment with changes in the length, width, or angle. Therefore, this study proposed a triple light shelf system with applied biomimicry according to the external environmental factors as shown in Fig. 2 . The variables of the triple light shelf system with applied biomimicry are operated as 
Conclusion
This study proposed the triple-light shelf system that applies biomimicry. Past light shelf systems were fixed light shelf systems with the limitation that it could not create a pleasant environment for people indoors when there are changes in the external environment. Accordingly, this study analyzed life forms that evolved by adapting to changes in the external environment to propose a triple-light shelf system that applies biomimicry. By applying the triple-light shelf system, it is expected that it will be possible to react immediately to the external environmental changes of buildings, while creating a pleasant environment for people indoors, and it will also be possible to conserve lighting energy for the building. Furthermore, for the triple-light shelf system proposed in this study, indoor illumination analysis and testing according to the length, width, angle and attachment location of the system should be conducted in the future. This study was conducted with the objective to provide a foundation for follow-up research.
